The m ajor 3-deoxyanthocyanin isolated from the fern Blechnum novae-zelandiae was de term ined to be luteolinidin 5-0-/3-D-[3-0-/?-D-glucopyranosyl-2-0-acetylglucopyranoside] and was found to co-occur with quercetin 3-0-/?-D-[6-0-caffeoylglucopyranoside], quercetin 3-0-/?-D-[6-0-caffeoylgalactopyranoside] and kaempferol 3-0-/3-D-glucuronopyranoside. These pigments were identified by using HPLC chromatography, NM R ( I d , 2d) and electros pray mass spectroscopy.
Introduction
The 3-deoxyanthocyanins are a rare group of natural pigments known to occur in various Gesneriads (H arborne, 1966) , mosses (Bendz et al., 1962) and ferns (Crowden and Jarman, 1974) . To date these are reported, often on the basis of limited evidence, to include the 5-O-glucosides of apigeninidin, luteolinidin, tricetinidin, and columnidin, as well as a series of 5-di-, 5,7-di-, 7-diand 7-O-glycosides of apigeninidin and luteo linidin. A caffeic acid ester of apigeninidin 5-0-glucoside was reportedly induced in sorghum in response to fungal infection (Hipskind et al., 1990) . The identification of the above-mentioned brightly coloured pigments is in a num ber of cases only tentative and has been limited to thin layer and paper chromatographic evidence (Crowden and Jarman, 1974; Harborne, 1966; Stich and Forkmann, 1988 ) absorption spectroscopy (Harborne, 1966) and HPLC evidence (Hipskind et al., 1990) . M ore recently the NM R assignments and HPLC chromatographic data for two of the better known 3-deoxyanthocyanins luteolinidin 5-O-glucoside and apigeninidin 5-O-glucoside were reported for the first time (Swinny et al., 2000) . Two distinct downfield doublets in the !H NMR spectrum were characteristic of H-3 and H-4 of the flavonoid heterocycle, a feature which readily distinguishes 3 -deoxyanthocyanins from normal C-3 oxygen ated anthocyanins.
In this investigation, which is part of a broader strategy aimed at studying the hitherto relatively unexplored nature of 3-deoxyanthocyanins and their potential uses, the red-orange tipped fronds of the New Zealand endemic fern Blechnum no vae-zelandiae, previously known as Blechnum capense (Chambers and Farrant, 1998) 
Results and Discussion
HPLC analysis of the m ethanolic extract of the Blechnum novae-zelandiae fronds showed four 3-deoxyanthocyanins and three main flavonols. The major 3-deoxyanthocyanin 1 and the flavonol gly cosides 2, 3 and 4 were purified by CC on Diaion HP-20, cellulose, polyamide, Fractogel HW-40 and Lobar RP-18. Their structures were elucidated by using ID (1H, 13C, 13C D EPT) and 2D (DQ F COSY, HSQC, HMBC, TOCSY) NM R tech niques.
The 3-deoxyanthocyanin nature of 1 was indi cated by the HPLC on-line UV-Vis spectrum which showed a visible maximum (A^ax 491 nm) in the same region as that reported (Xmax 486 nm) for luteolinidin 5-O-glucoside (Swinny et al., 2000) . Acid hydrolysis of 1 produced luteolinidin and glucose. The luteolinidin was identified by 0939-5075/2001/0300-0177 $ 06.00 © 2001 Verlag der Zeitschrift für Naturforschung, Tübingen ■ www.znaturforsch.com • N HPLC co-chromatography and on-line spectral comparison while the sugar was determ ined to be glucose by paper chromatography against an au thentic standard (M arkham, 1982) . The presence of an acetyl group was indicated by the three-proton singlet at 8 2.03 in the !H NM R spectrum to gether with a methyl carbon and carbonyl carbon signal at 8 20.8 and 8 170.2 respectively in the 13C NM R spectrum. A long-range HM BC experiment showed correlation between the proton singlet and the carbonyl carbon. Two distinct doublets in the downfield part of the !H NM R spectrum at 8 8.29 (J = 8.9 Hz) and 8 8.64 ( / = 8.9 Hz) were assigned to H-3 and H-4 respectively. These proton signals were correlated to the corresponding carbon sig nals at 8 111.9 (C-3) and 8 146.5 (C-4) in the HSQC spectrum. This structural arrangem ent in the heterocycle of 1 was confirmed by the signifi cant long-range correlations (summarized in Fig. 1 ) which were observed between C-2 ( 8 176.6) and the protons H-3 and H-4 in the HMBC spectrum. Two meta-coupled doublets in the *H NMR spectrum at 8 6.97 ( / < 1.0 Hz) and 8 7.11 (J < 1.0 Hz) were assigned to H -6 and H -8 respec tively of the A-ring. The remaining B-ring of the luteolinidin portion of the molecule was defined by an ABX system at 8 7.05 (1H, d, J = 8.6 Hz, H-5'), 8 7.81 (1H, d, J = 2.0 Hz, H -2') and 8 7.94 (1H, d, J = 2.0, 8 .6 Hz, H-6 ').
Two anomeric protons were detected in the !H NM R spectrum and the proton and carbon signals (Table I ) which belonged to the respective sugar units were sequentially assigned from the DEPT, D Q F COSY, HSQC, HMBC and TOCSY experi ments. The NM R data in conjunction with the evi dence from acid hydrolysis indicated that 1 is a luteolinidin diglucoside. The magnitude of the an omeric proton coupling constants ( / = 7.9 and 7.8 Table I . *H NMR and 13C NMR spectral data for luteo Hz) in the !H NM R spectrum showed that both sugars had ß-glycosidic linkage. A cross-peak be tween the anomeric proton at 6 5.54 and the car bon at 6 155.5 (C-5) in the HM BC spectrum indi cated that one of the glucopyranose units was attached to the 5-position of luteolinidin. A cross peak between the second anomeric proton at 6 4.32 and the carbon at 6 83.8 (C-3") revealed that the second /?-D-glucose unit was attached to the first glucose unit at position-3 to form a laminaribiose. A downfield triplet at 6 5.09 (J = 8.62, 8 .8 6 Hz) which correlated to H -l" in the D Q F COSY spectrum was assigned to H-2" and a cross peak between this proton and the acetyl carbonyl carbon signal ( 6 170.2) in the HMBC spectrum established that the acetyl group was connected to C-2" via an ester bond. The H R ESMS of 1 af forded a molecular ion at m /z 637.1747 consistent with that expected for a m ono-acetate of a luteo linidin diglucoside (C29H33O i6; calcd.: 637.1763).
T h u s th e 3 -d e o x y a n t h o c y a n in 1 is d e f i n e d a s lu t e o lin id in 5 -0 -/3 -D -[ 3 -0 -/3 -D -g lu c o p y r a n o s y l-2 -0 -a c e t y lg lu c o p y r a n o s id e ] .
HPLC analysis and paper chromatography showed that acid hydrolysis of 2 produced quercetin, glucose and caffeic acid. NMR data of 2 showed that a caffeoyl group was attached to the 6 -position of a glucopyranoside unit which in turn was connected to the 3-position of quercetin. Compound 2 was therefore established to be the known quercetin 3-0-/3-D-[6-0-caffeoylglucopyranoside] (Kunzemann and H errm ann, 1977) . The structure of compound 3 was similarly examined and found to be quercetin 3-0-/?-D-[6-0-caffeoylgalactoside] which has previously been isolated from the common Japanese weed Hydrocotyle Sibthorpoides (Shigematsu et al., 1982) . Com pound 4 was identified as kaempferol-3-O-ß-Dglucuronopyranoside by comparison against pub lished NMR data (Nanwar et al., 1984) . This glucuronide was also found in Adiantum ferns together with other unidentified caffeoyl flavonol glyco sides (Cooper-Driver and Swain, 1977) . The pres ent report is the first description of the glycosides 2, 3 and 4 in the fern Blechnum novae-zelandiae.
The HPLC on-line m easured absorption max ima (Xmax 480-490 nm) of the other three minor 3-deoxyanthocyanins detected in the methanolic extract indicated that they also possessed luteo linidin nucleii.
In c o n c lu s io n , th e i s o la t io n a n d i d e n t if ic a t io n o f l u t e o lin id in 5 -0 -/3 -D -[3 -0 -/3 -D -g lu c o p y r a n o s y l-2 -O -a c e ty lg lu c o p y r a n o s id e ] in Blechnum novae-ze landiae d e s c r ib e d h e r e p r o v id e s t h e fir st s u b s t a n t iv e p r o o f th a t g ly c o s id e s o f 3 -d e o x y a n t h o c y a n id -
in s a r e th e m a jo r c y a n ic c o lo u r a n t s in Blechnum fr o n d s. A d d itio n a lly , th e s tr u c tu r e d e t e r m in a t io n is t h e first fo r a n y a c y la t e d 3 -d e o x y a n t h o c y a n id in d ig ly c o s id e .
Experimental

Plant material
Fronds of Blechnum novae-zelandiae were col lected along the R3 road cuttings near R otorua, New Zealand and authenticated by Dr. P. Brownsey, Curator of Botany at Te Papa Museum, Wellington, New Zealand. A voucher specimen (WELT P20084) is deposited at the Te Papa H er barium.
Extraction and isolation
Clippings (500 g fresh wt.) of the red-orange tipped Blechnum novae-zelandiae fronds were ex tracted with 3.5 / of 80% M eOH (0.5% TFA) for 24 h. The M eOH was removed under reduced pressure at 40 °C and the aq. phase absorbed onto Diaion HP-20. The pigment extract was eluted with 90% M eOH (0.1% TFA), concentrated un der reduced pressure, freeze-dried and subse quently chromatographed on a cellulose column (5% HOAc)). The 3-deoxyanthocyanin fraction was then applied to a polyamide column and eluted with M e0 H -H 20 -T F A (10:90:0.1 increas ing to 90:10:0.1 v/v). Final purification of 1 was obtained on a Lobar RP-18 column eluting with 15% MeCN (0.1% TFA).
The flavonol fraction was separated on a Fractogel HW-40 column eluting with 40% M eOH (0.1% TFA). The flavonols 2 -4 were finally puri fied on a Lobar R P-8 column eluting with 5 -1 5 % MeCN (0.1% TFA).
N M R and mass spectroscopy
The pigments were dissolved in 1% CF3CO O D in DMSO-d6 and NMR spectra were recorded on a Bruker Avance spectrom eter at 300.13 MHz (*H) and 75.47 MHz (13C) equipped with a 5 mm quad nuclei probe at 30 °C. In the [H and 13C spectra the residual solvent peaks for DMSO-d6 were referenced to 2.50 ppm and 39.26 ppm, respectively.
Mass spectra were recorded on a PE Biosystems M ariner System 5158 CI TOF mass spectrometer. 
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